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NUCLEAR REACTOR FUEL ASSEMBLIES 

Background Of The Invention 

Field of the Invention 
5 The present invention relates generally to fuel 

assemblies for a nuclear reactor and, more particularly, 
is concerned with fuel assemblies positioned adjacent the 
baffle structure about the periphery of the reactor core, 
which employ anti-vibration grids. 

10 Related Art 

A typical nuclear power reactor includes a reactor 
vessel housing a nuclear reactor core. Spaced radially, 
inwardly from the reactor vessel is a generally 
cylindrical core barrel and within the barrel is a former 

15 and a baffle system (hereafter called the "baffle 
structure"), which permits transition from the 
cylindrical barrel to a squared-off periphery of the 
reactor core formed by the fuel assemblies arrayed 
therein . 

20 The reactor core is composed of a large number of 

elongated fuel assemblies. Each fuel assembly includes a 
plurality of fuel rods containing the fissile material, 
which reacts to produce heat. The fuel rods of each fuel 
assembly are held in an organized array by a plurality of 

25 grids spaced axially along the fuel assembly length and 
attached to a plurality of elongated control rod guide 
thimbles of the fuel assembly. 

During operation of the reactor, a coolant fluid 
such as water is typically pumped into the reactor vessel 

30 through a plurality of inlet nozzles. The coolant fluid 
passes downward through an annular region defined between 
the reactor vessel and the core barrel, turns in a lower 
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plenum defined in the reactor vessel, then passes 
upwardly through the fuel assemblies of the reactor core, 
and exits from the vessel through a plurality of outlet 
nozzles extending through the core barrel. Heat energy, 
5 which the fuel rods of the fuel assemblies impart to the 
coolant fluid, is carried off by the fluid from the 
vessel. Due to the existence of holes in the core 
barrel, coolant fluid is also present between the barrel 
and a baffle structure and at a higher pressure than 
10 within the core. However the baffle structure, together 
with the core barrel, do separate the coolant fluid from 
the fuel assemblies as the fluid flows downwardly through 
the annular region between the reactor vessel and core 
barrel . 

15 As mentioned above, the baffle structure surrounds 

the fuel assemblies of the reactor core. Typically, the 
baffle structure is made of plates joined together by 
bolts. These bolts sometimes become loose, thereby 
developing a small gap between the baffle structure 

20 plates. When this happens, a coolant fluid jetting 
action takes place through the baffle structure in a 
radially inward direction from the exterior of the core 
to the interior thereof, due to the greater fluid 
pressure existing outside of the baffle than within the 

25 core. In some reactors, the baffle structure contains 

slots and holes intentionally placed to allow cooling of 
the core during an accident condition. As with the gaps 
that open due to loose bolts, the coolant flow enters the 
core through the baffle slots and holes and causes fluid 

30 jetting. The fluid jetting, when it impinges on the 

outer row of fuel assemblies in the core, makes the outer 
fuel rods vibrate, eventually causing them to fail. 
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Consequently, the need exists for a way to deal 
effectively with the fluid jetting through portions of 
the baffle structure so as to avoid its deleterious 
affects on the fuel rods of the fuel assemblies 
5 positioned adjacent the baffle structure. 

Summary of the Invention 
The present invention provides fuel assemblies with 
anti-vibration grids which are designed to satisfy the 
aforementioned needs. In particular, in accordance with 

10 this invention, all fuel assemblies in the reactor core 
employ a new additional grid structure intermediate at 
least some of the main support grids at an elevation 
along the fuel assembly in the mid-third region where 
analytical results have demonstrated the highest exposure 

15 to vibration due to crossflow, exists. 

In a preferred embodiment, the intermediate support 
grid comprises a series of intersecting thin metal straps 
in an egg crate design that forms square cells around the 
fuel rods. Coplanar dimples and/or springs contact the 

20 fuel rods on multiple sides and provide additional rod 
support. The location of the grid is fixed relative to 
the fuel assembly at thimble tube locations. The strap 
heights of the auxiliary support grids are smaller than 
that of the main support grids and the auxiliary support 

25 grids do not include mixing vanes, which can be found on 
the main support grids. The outer strap includes guide 
tabs to prevent hang-up with adjacent fuel assemblies 
during removal or insertion respectively out of or into 
the reactor core. The inner strap is designed to help 

30 eliminate fretting wear by increasing the contact area of 
the spring/dimple with the fuel rod over the 
corresponding contact area on the main support grids. 
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Brief Descx-iption of the Drawings 

A further understanding of the invention can be 
gained from the following description of the preferred 
embodiments when read in conjunction with the 
5 accompanying drawings in which: 

Figure 1 is a view, partly in section and partly in 
elevation, of a nuclear reactor to which the present 
invention may be applied; 

Figure 2 is a simplified enlarged plan view of the 
10 reactor taken along line 2-2 of Figure 1; 

Figure 3 is an elevational view, partly in section, 
of one of the fuel assemblies employing an anti-vibration 
grid shown in Figure 2; 

Figure 4 is an elevational view of one embodiment of 
15 a main support grid; 

Figure 5 is a side elevation of one of the interior 
straps of the lattice assembly forming the cells of one 
embodiment of a main support grid; 

Figure 6 is a perspective view of a preferred 
20 embodiment of the vibration resistant grid of this 
invention; and 

Figure 7 is a side elevational view of one of the 
interior straps of the lattice assembly forming the cells 
of one embodiment of the auxiliary anti-vibration grid of 
25 this invention. 

Description of the Preferred Embodiment: 
In the following description, like reference 
characters designate like or corresponding parts 
throughout the several views of the drawings. Also in 
30 the following description, it is to be understood that 
such terms as "forward", "rearward", "left", "right", 
"upwardly", "downwardly" and the like are words of 
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convenience and are not to be construed as limiting 
terms . 

Referring now to the drawings, and particularly to 
Figures 1 and 2, there is shown a pressurized water 
5 nuclear reactor (PWR) being generally designated by 

reference character 10. The PWR 10 includes a reactor 
pressure vessel 12 which houses a nuclear reactor core 14 
composed of a plurality of elongated fuel assemblies 16. 
The relatively few fuel assemblies 16 shown in Figure 1 

10 are for purposes of simplicity only. In actuality, as 
schematically illustrated in Figure 2, the core 14 is 
composed of a great number of fuel assemblies 16. 

Spaced radially, inwardly from the reactor vessel 12 
is a generally cylindrical core barrel 18 and within the 

15 barrel 18 is a former and baffle system, hereinafter 

called a "baffle structure" 20, which permits transition 
from the cylindrical barrel 18 to a sguared-off periphery 
of the reactor core 14 formed by the plurality of fuel 
assemblies 16 being arrayed therein. The baffle 

20 structure 20 surrounds the fuel assembly 16 of the 

reactor core 14. Typically, the baffle structure 20 is 
made of plates 22 joined together by bolts (not shown) . 
The reactor core 14 and the baffle structure 20 are 
disposed between upper and lower core plates 24,2 6 which, 

25 in turn, are supported by the core barrel 18. 

The upper end of the reactor pressure vessel 12 is 
hermetically sealed by a removable hemispherical closure 
head 28 upon which are mounted a plurality of control rod 
drive mechanisms 30. Again for simplicity, only a few of 

30 the many control rod drive mechanisms 30 are shown. Each 
drive mechanism 30 selectively positions a rod cluster 
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control mechanism 32 above and within some of the fuel 

assembly 16. 

A nuclear fission process carried out in the fuel 
assemblies 16 of the reactor core 14 produces heat which 
5 is removed during operation of the PWR 10 by circulating 
a coolant fluid, such as light water, through the core 
14. More specifically, the coolant fluid is typically 
pumped into the reactor pressure vessel 12 through a 
plurality of inlet nozzles 34 (only one of which is shown 

10 in Figure 1). The coolant fluid passes downward through 
an annular downcomer region 36 defined between the 
reactor vessel 12 and the core barrel 18 (and a thermal 
shield 38 on the core barrel) until it reaches the bottom 
of the reactor vessel 12 where it turns 180° prior to 

15 flowing up through the lower core plate 26 and then the 
reactor core 14. On flowing upward through the fuel 
assembly 16 of the reactor core 14, the coolant fluid is 
heated to reactor operating temperatures by the transfer 
of heat energy from the fuel assembly 16. The hot 

20 coolant fluid then exits the reactor vessel 12 through a 
plurality of outlet nozzles 40 (only one being shown in 
Figure 1) extending through the core barrel 18. Thus, 
heat energy which the fuel assembly 16 imparts to the 
coolant fluid, is carried off by the fluid from the 

25 pressure vessel 12. 

Due to the existence of pressure relief holes (not 
shown) in the core barrel 18, coolant fluid is also 
present between the barrel 18 and baffle structure 20 and 
at a higher pressure than exists within the core 14 . 

30 However the baffle structure 20, together with the core 
barrel 18, do separate the coolant from the fuel 
assemblies 16 as the fluid flows downwardly through the 
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annular region 36 between the reactor vessel 12 and core 
barrel 18. 

As briefly mentioned above, the reactor core 14 is 
composed of a large number of elongated fuel assemblies 
5 16- Turning to Figure 3, each fuel assembly 16, being of 
the type used in the PWR 10, basically includes a lower 
end structure or bottom nozzle 42, which supports the 
assembly on the lower core plate 26 and a number of 
longitudinally-extending guide tubes or thimbles 44, 

10 which project upwardly from the bottom nozzle 42. The 
assembly 16 further includes a plurality of regular, 
traverse, main support grids 46 axially-spaced along the 
lengths of the guide thimbles 44 and are attached 
thereto. The main support grids 46 are substantially, 

15 evenly, longitudinally-spaced and support a plurality of 
elongated fuel rods 48 in an organized spaced array. 
Additionally, each assembly 16 has an instrumentation 
tube 50 located in the center thereof and an upper end 
structure or top nozzle 52 attached to the upper ends of 

20 the guide thimbJ,es 44. With such an arrangement of 
parts, the fuel assembly 16 forms an integral unit 
capable of being conveniently handled without damaging 
the assembly parts. 

Each fuel rod 48 of the fuel assembly 16 includes 

25 nuclear fuel pellets 54 and the opposite ends of each 

fuel rod are closed by upper and lower end plugs 56,58 to 
hermetically seal the rod. Commonly, a plenum spring 60 
is disposed between the upper end plug 56 and the pellets 
54 to maintain the pellets in a tightly stacked tandem 

30 array within the rod 48. The fuel pellets 54 composed of 
fissile material are responsible for creating the 
reactive power which generates heat in the core 14 of the 
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PWR 10. As mentioned, the coolant fluid is pumped 
upwardly through each of the fuel assemblies 10 of the 
core 14 in order to extract heat generated therein for 
the production of useful work. 
5 To control the fission process, a number of control 

rods 62 of each rod cluster control mechanism 32 are 
reciprocally moveable in the guide thimbles 44 located at 
predetermined positions in the fuel assembly 16. 
However, not all of the fuel assemblies 16 have rod 

10 cluster control mechanisms 32, and thus control rods 62, 
associated therewith. Though typically, the fuel 
assemblies that accommodate control rods are of the same 
design as other fuel assemblies within the core that do 
not have control rods associated therewith. 

15 Specifically, each rod cluster control mechanism 32 is 

associated with a top nozzle 52 of the corresponding fuel 
assembly 16. The control mechanism 32 has an internally- 
threaded cylindrical member 64 with a plurality of 
radially extending arms 66. Each arm 66 is 

20 interconnected to one or more control rods 62 such that 
the control mechanism 32 is operable to move the control 
rods 62 vertically in the guide thimbles 44 to thereby 
control the fission process in the fuel assembly 16, all 
in a well known manner. 

25 All of the fuel assemblies 16 in the reactor core 14 

have the conventional construction just described. In 
addition, each of the fuel assemblies of this invention 
employs ant i- vibration grids 68, a preferred embodiment 
of which is shown in Figures 6 and 7, and more fully 

30 described hereafter. 

As mentioned earlier, the baffle structure 20, which 
surrounds the fuel assemblies 16 of the reactor core 14, 
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is made of plates 22 joined together by bolts (not 
shown) . As the result of thermal cycling during startups 
and shutdowns of the system, these bolts sometimes become 
loose, thereby developing small gaps between the baffle 
5 structure plates 22. When this happens, a jetting action 
of the coolant fluid takes place through the baffle 
structure 20 in a radially inward direction from the 
exterior to the interior of the core due to the greater 
fluid pressure existing outside of the baffle structure 

10 20 than within the core 14. In some reactors, the baffle 
structure contains slots and holes intentionally placed 
to allow cooling of the core during an accident 
condition. As with the gaps that open due to loose 
bolts, the coolant flow enters the core through the 

15 baffle slots and holes and causes fluid jetting. In 

absence of one or more of the anti-vibration grids 68 in 
the fuel assemblies 16 in the core 14, the fluid jets 
impinging upon the fuel assemblies would make their outer 
fuel rods 48 vibrate, resulting in fretting of the fuel 

20 rod cladding and possibly causing failure. The auxiliary 
anti-vibration grids 68 differ somewhat in construction 
from the main support grids, as will be appreciated 
hereafter . 

Referring to Figures 4 and 5, one embodiment of a 
25 main support grid 46 is illustrated basically includes a 
plurality of interleaved inner and outer straps 76 and 78 
arranged and connected together, such as by welding, in 
an egg crate configuration to define a plurality of 
hollow cells 74 open at their opposite ends. Figure 4 
30 illustrates a 15 X 15 array of cells 74, though it should 
be appreciated that the application of the principles of 
this invention are not affected by the number of fuel 
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adjacent cell from its opposite wall. The walls 90 of a 
main support grid are typically 5.2 cm high. 

In the preferred embodiment of this invention, the 
auxiliary vibration resistant grids preferably take the 
5 form illustrated in Figures 6 and 7. From Figure 6, it 
can be seen that the dimples and/or springs 88,86 are 
coplanar and contact the fuel rods on multiple sides to 
provide additional rod support. In this embodiment, the 
springs are vertical rather than on a diagonal. As 

10 stated previously for the main support grids, the 

location of the vibration-resistant auxiliary grids are 
fixed relative to the fuel assembly at the thimble 
locations either by welding the grids to insert tubes or 
by mechanically fastening the grids to the guide thimble 

15 tubes. The outer grid strap 72 and the intermediate 

straps 76 and 78 on the auxiliary grids are smaller in 
height than the corresponding dimensions of the main 
support grids 46. The height of the auxiliary grids is, 
for example, 1.6 cm. There are no mixing vanes on the 

20 preferred embodiment of the vibration resistant auxiliary 
grid as shown in Figure 6, while a plurality of the main 
support grids 4 5 include mixing vanes, for example, of 
the type illustrated by reference character 92 in Figure 
5. The outer strap of the auxiliary vibration-resistant 

25 grids and those of the main support grids include guide 
tabs 94, illustrated in Figures 4, 5, 6 and 7 that 
prevent hang-up with adjacent fuel assemblies during 
removal or insertion out of or into the reactor core. 
The inner straps 76 and 78 on the auxiliary grids provide 

30 for a larger contact area between the dimple/springs and 
the fuel elements than are provided by the corresponding 
contact areas on the main support grids 46. The contact 
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